The feasibility of additional dissection of the lateral pelvic lymph nodes (LPLNs) in patients undergoing total mesorectal excision (TME) combined with neoadjuvant chemotherapy (NAC) for locally advanced rectal cancer (LARC) is controversial. The use of laparoscopic surgery is also debated. In the present study, we evaluated the utility of laparoscopic dissection of LPLNs during TME for patients with LARC and metastatic LPLNs after NAC, based on our experience with 19 cases.
Background
Rectal cancer often invades the bladder, uterus, sacrococcyx, and lateral pelvic lymph nodes (LPLNs). Locally-advanced rectal cancer (LARC) with LPLN metastasis is well known to have a poor prognosis. The LPLNs are an important metastatic site. However, the most effective therapeutic strategy for LARC has not been established. Local recurrence after total mesorectal excision (TME) without LPLN dissection may have untreated LPLN metastasis [1] . Surgical dissection for LPLN metastasis remains controversial. Some researchers have suggested that intentional LPLN dissection is associated with intractable complications [2, 3] , although some treatment guidelines suggest that intentional dissection of LPLNs surely has therapeutic potential for patients with LARC [4] [5] [6] [7] . Combination therapy of preoperative chemoradiotherapy and TME without LPLN dissection was previously performed worldwide. However, this simple therapy only improved local control after TME [8] , though it did not prolong survival [9, 10] . Hence, a high rate of distant metastasis after TME remains a critical problem. Reinforced and/or stronger systemic chemotherapy in the preoperative period (i.e., systemic neoadjuvant chemotherapy [NAC] ), has therapeutic potential in carcinogenic control for patients with LARC [11] [12] [13] [14] . Surgical innovation by LPLN dissection for patients with LARC has been discussed since the early 1960s [15] ; since then, this surgical therapy has been developed mainly in Japan [16] [17] [18] [19] [20] . However, advanced techniques and highly skilled procedures are required for LPLN dissection. We herein discuss the key points and pitfalls of laparoscopic LPLN dissection.
Overall, both systemic NAC for carcinogenic control and surgical dissection of LPLNs for local curability surely have therapeutic potential for patients with LARC. We believe that the combination of systemic NAC and intentional dissection of LPLNs results in adequate local curability, a reduction of distant metastasis, and a favorable long-term outcome. In our institution, 19 consecutive patients with LARC and LPLN metastasis underwent laparoscopic TME and LPLN dissection after NAC. Here, we report on our investigation of the therapeutic impact of this combined therapy, and also discussed the usefulness of laparoscopic surgery for LPLN dissection, even after NAC.
Material and Methods

Treatment strategy
Patients with LARC who develop postoperative local recurrence after TME without LPLN dissection may have untreated LPLN metastasis [1] . Surgical dissection for LPLN metastasis remains controversial. Aggressive and/or curative dissection of LPLNs is often associated with intractable complications (i.e., urinary and sexual dysfunction) [2, 3] . However, according to the 2016 Japanese guidelines for colorectal cancer [4, 5] , TME with LPLN dissection is recommended to improve both local curability and survival in patients with LARC in whom the lower border of the tumor is located distal to the peritoneal reflection and the tumor has invaded beyond the muscularis propria. Such tumors are categorized as advanced Rb cancer according to the 2013 Japanese classification of colorectal cancer [6] . If LPLN dissection is indicated based on the Japanese criterion, the percentage of intrapelvic recurrence is expected to decrease to 50% and the 5-year survival is expected to improve to 8% to 9% [7] . Hence, LPLN surely has therapeutic potential for patients with LARC.
A combination of TME accompanied not by LPLN dissection but by preoperative chemoradiotherapy was previously performed worldwide; LPLN dissection was not performed because it requires advanced surgical techniques even in conventional open surgical procedures. Some physicians expected that preoperative chemoradiotherapy targeting the pelvic region may effectively reduce intrapelvic recurrence [8] . However, this simple therapy only improved local control after TME; it did not prolong survival [9, 10] . Reinforced and/or stronger systemic chemotherapy in the preoperative period is expected to effectively control existing micro-metastasis and improve survival [11] . Many physicians have suggested that systemic NAC has therapeutic potential in carcinogenic control for patients with LARC [12] [13] [14] .
Twenty-seven patients with LARC who had clinical LPLN metastasis underwent laparoscopic LPLN dissection in our institution from 2011 to 2016. Two patients with preoperative para-aortic LN metastases were excluded from the present study. Nineteen patients underwent laparoscopic TME and LPLN dissection with NAC, and 6 patients underwent laparoscopic TME and LPLN dissection without NAC. The median follow-up term was 27.5 months (range, 8.6-71.0 months). The oncologic findings were assessed according to the 2013 Japanese classification of colorectal cancer and the 2016 Japanese guidelines for colorectal cancer [4, 6] .
NAC is indicated for patients with cT3-4 and/or N+ rectal cancer in our institution, and laparoscopic LPLN dissection is indicated in patients with LPLN with a short-axis diameter of >5 mm on pretreatment computed tomography and/or magnetic resonance imaging, regardless of the LN size after NAC. Fiftyfive patients were treated with 4 to 6 courses of oxaliplatinbased NAC including a molecule-targeting drug; 19 of these patients then underwent laparoscopic TME and LPLN dissection with curative intent.
Patient classification and statistical analysis
The short-and mid-term oncological outcomes were compared between the 19 patients who underwent laparoscopic TME and LPLN dissection with NAC (NAC group) and the 6 patients who underwent laparoscopic TME and LPLN dissection only (non-NAC group). Quantitative data are expressed as median (range). Statistical analyses were performed using statistical software (Stat View-J 5.0; SAS Institute, Cary, NC, USA). Differences between the 2 groups were evaluated using Fisher's exact test, the chi-square test, and the Mann-Whitney U test, as appropriate. Overall survival (OS) and relapse-free survival (RFS) were defined as the time from surgery to death from any cause and any recurrences, respectively.
Surgical procedures of LPLN dissection
Surgical innovation by LPLN dissection for patients with LARC has been documented [16] [17] [18] [19] [20] . However, the technical difficulty of LPLN dissection requires selection of skillful surgeons; advanced techniques and highly skilled procedures are required for LPLN dissection, even under conventional laparotomy. In our institution, we employ laparoscopic surgery for LPLN dissection. We performed curative LPLN dissection (LNs 263P, 263D, and 283 according to the 2013 Japanese classification of colorectal cancer) [6] only for the metastatic side based on the findings of the imaging studies before NAC. Preventive LPLN dissection for the unaffected side was not conducted.
The patients were placed in the lithotomy position. Five ports were placed, including a 12-mm camera port at the umbilicus and 5-or 12-mm ports in the bilateral abdomen. LPLN dissection was performed after resection of the rectum and before anastomosis during low anterior resection. The surgical procedures performed during LPLN dissection are shown in Figures 1-3 . The ureter was isolated and pulled with vessel tape. Once the external iliac artery and vein were exposed, dissection was performed along the surface of the iliopsoas and internal obturator muscles. The obturator nerve was identified and preserved, but the obturator vessels were divided. The internal iliac artery was preserved, and its branches (i.e., the superior and inferior vesical arteries) were clipped and divided. If metastatic LPLNs had adhered or were close to the internal iliac artery, this artery was resected together. When bilateral dissection of the LPLNs was required, one or more of the bilateral superior and inferior vesical arteries was preserved to ensure blood flow into the bladder. The roots of the umbilical artery were clipped and divided. The surface of the internal iliac vein was exposed, and the confluence of the inferior vesical vein was divided. The sacral plexus was exposed as the dorsal landmark of the LPLN dissection, and the distal side of the internal iliac artery (internal pudendal artery) was divided at the level of the pudendal canal. The inferior vesical artery and vein were divided at their entrance into the bladder.
If the metastatic LPLNs had adhered to the pelvic plexus, this plexus was resected en bloc.
Results
Patient characteristics
The patient characteristics are summarized in Table 1 . There were no significant differences between the 2 groups in terms of sex (P=0. (A-C) The internal iliac artery was preserved, and its branches (i.e., the superior and inferior vesical arteries) were clipped and divided. (D) When bilateral dissection of the LPLNs was required, one of the bilateral superior and inferior vesical arteries was preserved to maintain blood flow into the bladder. HGNF -hypogastric nerve fascia; IIA -internal iliac artery; IIV -internal iliac vein; IPA -internal pudendal artery; IPV -internal pudendal vein; LAM -levator ani muscle; LN -lymph node; LPLN -lateral pelvic lymph node; LUL -lateral umbilical ligament; NVB -neurovascular bundle; UR -ureter. 
Operative profiles
The operative courses are summarized in 
Postoperative outcomes
The postoperative complications are summarized in Table 3 . Ten patients in the NAC group (52.6%) and 3 patients in the non-NAC group (50.0%) developed postoperative complications. Major complications, defined as grade ³3 according to the Clavien-Dindo classification [21] , occurred in 3 patients in the NAC group (reoperation for anastomotic leakage, resuture for perineum wound disruption, and percutaneous drainage for infectious lymphocele) and in 2 patients in the non-NAC group (reoperation for colon perforation and percutaneous drainage for pelvic abscess).
Pathological findings
The pathological findings are summarized in Table 4 . There were no significant differences between the 2 groups in yp(p)T stage (P=0.663), yp(p) N stage (P=0.661), yp(p) stage (P=0.500), or the number of LNs harvested (P=0.120).
LPLN metastases were identified in 4 patients in the NAC group (21.1%) and in 2 patients in the non-NAC group (33.3%). A pathological complete response (CR) was achieved in 2 patients of NAC group (10.5%). The circumferential resection margin was negative in all patients.
RFS and OS
The clinical course of all the study patients was followed for 27.5 months (range, 8.6-71.0 months) after surgery. Recurrence at the opposite side of the LPLN dissection was observed in 1 patient (5.3%) in the NAC group 13 months after surgery. There were no significant differences in RFS or OS between the 2 groups.
Discussion
LN dissection has a large impact on the prognosis and outcome in patients with rectocolon cancers [22] [23] [24] [25] [26] . Surprisingly, the number of investigated LNs is a predictive factor for prognosis even in patients with the same number of positive LNs, and patients with larger numbers of investigated LNs have a better prognosis [22] [23] [24] . Staging error is a critical problem [24] . Twelve or more LNs should be harvested and investigated [27] [28] [29] [30] [31] [32] . Prognostic relevance of occult tumor cells in LNs has been suggested [33, 34] . considered as the most reliable prognostic factor [25, [35] [36] [37] [38] [39] [40] [41] . However, aggressive dissection of LPLNs is accompanied by high rates of pelvic nerve injury, urination disturbance, sexual impairment, and defecation disorders [42, 43] . Hence, a higher rate of postoperative complications is observed despite the fact that this surgery is performed with advanced surgical techniques supported by full knowledge of the pelvic anatomy [44] .
Aggressive dissection of LPLNs is debated among rectocolon surgeons [45] [46] [47] [48] . Based on the concept of the importance of extended dissection of regional LNs, aggressive dissection of LPLNs was established in Japan in 1982 [15] and in the United States in 1986 [49] . This surgical approach was thereafter developed mainly in Japan [50, 51] ; many important reports by Japanese surgeons have been published [17] [18] [19] [52] [53] [54] [55] . Some researchers have reported that aggressive dissection of LPLNs never improves the prognosis of patients with positive metastases of LPLNs [7, 56, 57] , postoperative survival [58, 59] , or the local recurrence rate after surgery [60] [61] [62] . In Japan, however, this approach is generally considered the golden standard for lower rectal cancer. Notably, laparoscopic surgery for rectocolon cancer also has some advantages, such as less pain, faster recovery, shorter hospital stay, and earlier return to normal life [63] [64] [65] [66] [67] [68] ; therefore, many skillful surgeons currently focus on the laparoscopic approach for LPLN dissection [55, 63, 69, 70] .
Generally, NAC has an advantage over adjuvant chemotherapy with respect to the dose given. Briefly, a higher dosage is available for NAC because adjuvant therapy requires a period of recovery from perioperative damage. This reinforced and stronger chemotherapy will exterminate systemic micro-metastases, suppress postoperative recurrence, and consequently achieve prolonged survival. The safety and feasibility of laparoscopic TME with LPLN dissection has not been verified in patients with LARC after NAC [71] ; therefore, we assessed our own results of laparoscopic TME combined with LPLN dissection after NAC. To the best of our knowledge, this pilot study is the first to analyze the safety and feasibility of laparoscopic LPLN dissection for patients with LARC after NAC.
As already described, downregulations were obtained by NAC induction. In previous studies, the reported CR rates after NAC for rectal cancer ranged from 3.8% to 25.0% [12] [13] [14] 72] . In the present study, 2 patients (10.5%) achieved CR, and 1 patient (5.2%) was histopathologically categorized as having ypTis-N0M0 cancer. Although previous studies targeted cStage II-III rectal cancer, all of our patients were preoperatively categorized as having more advanced stages because of their metastatic LPLNs (i.e., cStage IIIb). Our CR rate of 10.5% is considered reasonable for patients with LARC. Reoperation for colon perforation 0 1
Resurture for perinium wound disruption 1 0
Percutaneous drainage for infectious lymphocele 1 0
Percutaneous drainage for pelvic abscess 0 1 
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No consensus has been reached for NAC regimens in patients with LARC. We initially conducted NAC in 6 courses and performed a mid-term assessment using imaging studies and colonoscopy after 3 courses. However, no remarkable differences in the therapeutic effects between 3 and 6 courses were observed. We thereafter revised our NAC regimen to involve 4 courses without a mid-term assessment. Previous reports have suggested that 2 to 6 courses during a 2-to 3-month period are required for NAC and recommended surgery at 2 to 4 weeks after the last chemotherapy session [12] [13] [14] 72] . The estimated serum half-life of bevacizumab is approximately 3 weeks [73, 74] , and adverse effects on wound healing persist for 6 weeks [75] . Bevacizumab was therefore omitted from the last course in our current regimen. Although prediction of the therapeutic effectiveness is ideal for selection of the chemotherapy regimen, accurate estimation of individual patients' responses to NAC is impossible. Only 1 patient was determined to have progressive disease after 3 courses because of metastatic enlargement of LNs. Although NAC was suspended, and surgery was performed in this patient, no recurrences were detected 3.1 years after surgery. When NAC is considered ineffective, intentional conversion to surgery should be considered.
Whether intentional bilateral dissection of LPLNs is necessary remains uncertain. Aggressive dissection of LPLNs may be omitted on the side without metastasis based on preoperative imaging studies because a national clinical trial in Japan suggested that metastatic LPLNs were observed in only 7.4% of patients on this side [76] . Hence, aggressive dissection of LPLNs was applied only on the side showing image-detected metastases. In the present study, 1 patient (5.3%) developed lymphogenic recurrence at the LPLN site without imagedetected metastases before surgery. In fact, real metastases can be proven by histopathological evaluation, not by imaging study. Increasing dissection of lymph nodes may have a positive effect on prognosis [77, 78] . We speculate that intentional or aggressive dissection of the bilateral LPLNs may be required in patients with LARC.
In this pilot study, the surgical duration was significantly longer in the NAC than the non-NAC group. There were no significant differences in blood loss or number of LNs harvested between the 2 groups. There are 2 possible explanations for the longer operative time in the NAC group. First, bilateral LPLN dissection was more frequently required in the NAC group. Second, dense or edematous tissues associated with NAC presented an obstacle to surgeons when attempting to identify the dissectible layers. The rates of postoperative major complications were similar between the 2 groups. No conversions to conventional open surgery occurred. The circumferential resection margin (i.e., tumor remnant) was negative in all patients. This study was designed as a comparative and retrospective study in a single institution, and our sample size was small. Also, this study was not a randomized controlled trial. Therefore, the problems of bias and potential limitation are inherent in this study. Of course, our conclusions must be interpreted with extreme caution. We believe that this pilot study suggests that laparoscopic TME with LPLN dissection for patients with LARC with metastatic LPLNs is acceptable even after NAC.
Aggressive dissection of LPLNs is a major research issue worldwide. Skillful surgeons should explore the difficult issues discussed in the present report. Our findings lead to one simple question: "Where should skillful rectocolon surgeons head in the next decade?" We consider that it is important to focus on aggressive dissection of metastatic LPLNs in patients with LARC using laparoscopy, even after NAC. We should never forget that rectocolon surgeons have a large frontier.
Conclusions
Even after NAC, laparoscopic TME with LPLN dissection is safe and feasible in patients with LARC and metastatic LPLNs, based on our own experience of 19 cases.
